INTRODUCTION 46
Viral cell and tissue tropism is an important determinant of viral pathogenesis. 47 9 peak titers significantly lower than those produced by SKE MM and WT CHIKV, which 153 replicated with similar kinetics and to equivalent peak titers ( Figure 1E) . These data 154 demonstrate that SKE is specifically restricted by its cognate miRNA in cell culture and 155 that mismatch mutations present in SKE MM are sufficient to alleviate this restriction. 156
157

SKE displays diminished replication in murine skeletal muscle. To assess whether SKE 158
is restricted in skeletal muscle tissue in vivo, three-to-four-week-old C57BL/6J mice 159 were inoculated in the left rear footpad with 10 3 PFU of either SKE or SKE MM. At day 3 160 post-inoculation, mice were euthanized, and the left rear limb was processed for 161 histology. Myofibers were identified in H&E-stained sections as striated, multinucleated 162 cells containing nuclei at the cell periphery ( Figure 2 ). CHIKV replication in skeletal 163 muscle was assessed by in situ hybridization of serial tissue sections using a probe 164 specific for CHIKV RNA. In mice infected with SKE MM, abundant staining was 165 observed in the interosseous muscles of the foot (Figure 2 ), which is consistent with 166 prior studies with WT CHIKV (14). This staining was significantly reduced in mice 167 infected with SKE ( Figure 2C ), demonstrating that SKE replication is restricted in 168 skeletal muscle cells in mice. Importantly, intense staining was observed in connective 169 tissue of mice infected with either SKE or SKE MM ( Figure 2B ), indicating that 170 incorporation of target sequences for miR-206 into SKE specifically restricts replication 171 in skeletal muscle cells while still allowing replication at other sites. 172
173
SKE and SKE MM produce comparable titers in musculoskeletal tissue of the inoculated 174
foot in mice. Because SKE replication is restricted in skeletal muscle cells, we assessed 175 whether replication in these cells contributes to overall viral titers in foot tissue and viral 176 dissemination during acute infection. Mice were inoculated with WT CHIKV, SKE, or 177 SKE MM, and loads of infectious virus in various tissues both proximal and distal to the 178 site of inoculation were quantified at days 1, 3, and 7 post-inoculation. Because the 179 level of infectious virus at day 7 post-inoculation is often at or below the limit of 180 detection in our infectivity assays, we used a focus-forming unit (FFU) assay to quantify 181 infectious virus at days 1 and 3 post-inoculation and RT-qPCR to quantify viral genome 182 copies at day 7 post-inoculation. Tissue burdens of SKE MM and SKE did not differ 183 significantly in the left ankle near the site of inoculation or at sites of dissemination, 184
including the left gastrocnemius muscle, right ankle, and spleen, at days 1 ( Figure 3A) , 185 3 ( Figure 3B ), or 7 ( Figure 3D ) post-inoculation. At all time points examined, both 186 viruses produced titers comparable to those produced by WT CHIKV. CHIKV RNA in 187 the interosseous muscle of the left rear foot was significantly reduced at day 3 post-188 inoculation in our in situ hybridization analysis ( Figure 2C ). Because total viral titers in 189 the ankle did not differ between mice infected with SKE and SKE MM at this time point 190 by FFU assay ( Figure 2B ), we also analyzed total ankle homogenates by This analysis confirmed that, while SKE replication is specifically restricted in 192 interosseous muscle, total viral titers in the ankle produced by SKE and SKE MM at this 193 time point are comparable ( Figure 3C ). These data indicate that replication in skeletal 194 muscle does not contribute significantly to overall CHIKV titers in tissues or 195 dissemination during acute infection and that replication in other cell types, likely 196 connective tissue fibroblasts that are highly susceptible for CHIKV infection, is 197 responsible for high viral titers observed in musculoskeletal tissues at these time points. 
215
To understand how CHIKV replication in skeletal muscle cells influences tissue injury, 216 mice were inoculated with SKE or SKE MM, euthanized at day 7 post-inoculation, and 217 the left rear limb was processed for histology. H&E-stained tissue sections were scored 218 by a veterinary pathologist blinded to the conditions of the experiment to compare 219 severity of synovitis, inflammation and necrosis in the interosseous muscle, and 220 tenosynovitis. SKE MM-infected mice displayed significant myositis and necrosis of the 221 interosseous muscle, with most mice displaying greater than 40% displacement of 222 muscle tissue with infiltrating leukocytes ( Figure 5A ). This finding is consistent with prior 223 studies with WT CHIKV (23). Synovitis was reduced in SKE-infected mice compared 224 with those infected with SKE MM, although scores did not differ significantly ( Figure 5B) . 225
In contrast, mice infected with SKE exhibited significantly diminished necrosis and 226 inflammation in the interosseous muscle as well as diminished tenosynovitis in the 227 tendon sheath compared with SKE MM-infected mice ( Figure 5B ). These findings 228 suggest that while replication in skeletal muscle cells does not contribute significantly to 229 tissue viral burden, these cells are an important site of replication for development of 230 muscle inflammation and necrosis. + T cells appears to be specific for 241 the interosseous muscle, as the calcaneal tendon, a representative connective tissue, of 242 both SKE-and SKE MM-infected mice was heavily infiltrated with these cells compared 243 with mock-infected mice. These results were reproduced when immunohistochemistry 244 13 was conducted using an antibody to CD4 ( Figure 6D) how replication in myofibers influences production of these proinflammatory mediators, 255 mice were infected with SKE or SKE MM, and proinflammatory mediator induction in the 256 left rear foot at day 3 post-inoculation was quantified by RT-qPCR. Relative to mice 257 infected with SKE MM, mice infected with SKE exhibited a significant reduction in Il1b, 258
Il6, Ip10, and Tnfa transcripts in the left rear foot ( Figure 7A ). Importantly, this reduction 259
was not due to a global decrease in the transcript levels of inflammatory molecules, as 260 mRNA levels of Ifng, Mcp1, Mip1a, and Rantes did not differ significantly in mice 261 infected with SKE compared with SKE MM ( Figure 7A ). Additionally, while levels of Il1b, 262
Il6, Ip10, and Tnfa transcripts trended to be higher following infection with SKE MM, 263 induction of these proinflammatory mediators did not differ significantly in the 264 contralateral foot ( Figure 7B ), which does not swell following infection with either SKE or 265 SKE MM (data not shown). These data suggest that local production of specific 266 14 proinflammatory mediators drives swelling of the inoculated foot during CHIKV infection 267 in mice. 268
269
IL6 produced following viral replication in skeletal muscle mediates CHIKV-induced 270
inflammation. Because increased IL6 production is associated with severe CHIKV 271 disease and production of IL6 is dependent on virus replication in skeletal muscle cells 272 (Figure 7) , we next assessed the contribution of IL6 to CHIKV pathogenesis. Mice were 273 inoculated intraperitoneally with 200 µg of either an IL6 receptor blocking antibody or an 274
IgG2b isotype control at 0, 3, and 5 days post-inoculation with either SKE or SKE MM. 275
Swelling of the inoculated foot was quantified using digital calipers. As expected, SKE 276 MM-infected mice treated with the isotype control exhibited significant swelling that 277 peaked 6 days post-inoculation ( Figure 8A ). In contrast, swelling in SKE MM-infected 278 mice treated with the IL6 receptor blockade antibody was significantly reduced 5, 6, and 279 7 days post-inoculation, with levels more comparable to the swelling induced in SKE-280 infected mice treated with the isotype control antibody ( Figure 8A ). This phenotype was 281 not due to differences in virus replication, as viral loads in the left and right ankles of 282 SKE MM-infected mice treated with either the IL6 receptor antibody or isotype control 283 were comparable at day 7 post-inoculation ( Figure 8B ). Thus, IL6 released following 284 CHIKV infection in skeletal muscle cells is a critical mediator of CHIKV disease in mice. 285
DISCUSSION 286
The broad tropism of CHIKV has made it challenging to define determinants of 287 CHIKV pathogenesis. In this study, we exploited the host RNAi machinery to assess 288 how CHIKV replication in skeletal muscle cells influences disease development. Target The capacity to replicate in skeletal muscle is common among arthritogenic 307 alphaviruses and other viruses that cause myalgia and myositis (43, 44 TNFA are potent inducers of IL6 production by skeletal muscle (51). The precise 336 mechanism through which these molecules are elaborated following CHIKV infection of 337 skeletal muscle remains undefined. 338
The three-to-four-week-old mice used in these studies recapitulate many 339 hallmarks of human disease, including muscle necrosis, myositis, and tenosynovitis 340 (23). However, the inflammatory response to CHIKV in mice is not well understood. 341
Although molecular mediators of biphasic swelling in the inoculated foot are not known, 342
CD4
+ T cells are required for the second phase of swelling (39). We discovered that 343 restriction of CHIKV replication in skeletal muscle results in diminished infiltration of 344
+ T cells into the interosseous muscle at 7 dpi. Additionally, blockade of the IL6 345 receptor significantly diminishes swelling during this phase, indicating that IL6 receptor 346 signaling is important for this disease manifestation. How IL6 receptor signaling and 347
+ T cells synergize to mediate this phenotype is unknown. IL6 receptor expression 348 is limited in mice, reaching detectable levels mainly on hepatocytes and some 349 CD3-and CD4-stained images were separated into hematoxylin and DAB channels. 516 DAB staining was quantified in the DAB channel for each interest region, 517 and the intensity of CD3 and CD4 signal was calculated as the average of the staining 518 intensity in each region weighted by its relative area. 519
In situ hybridization. At defined times post-inoculation, mice were euthanized, and 520 PBS-perfused tissues were resected and fixed in 4% PFA in PBS at 4 o C for at least 72 521 h. Tissue was washed three times in PBS at RT for 15 min, then three times in 522 deionized water at RT for 15 min. Tissue was decalcified in 14% EDTA and placed on 523 an orbital shaker at RT. EDTA was replaced after 24 h and at 72-h intervals thereafter 524 for 10-14 days until tissue was fully decalcified. Tissue was dehydrated, embedded in 525 paraffin, and sectioned (5-µm thick). Viral RNA in situ hybridization was conducted 526 using RNAscope 2.5 (Advanced Cell Diagnostics) according to the manufacturer's 527 instructions. Tissue sections were incubated twice in xylene at RT for 5 min to remove 528 paraffin, twice in 100% ethanol at RT for 1 min, once in hydrogen peroxide at RT for 10 529 min, and boiled in RNAscope Target Retrieval reagent (Advanced Cell Diagnostics) for 530 26 15 min. Slides were cooled to RT in deionized water and treated with RNAscope 531
Protease Plus (Advanced Cell Diagnostics) at 40 o C for 30 min before incubation with 532 the hybridization probe. CHIKV RNA was detected using a probe (V-CHIKV-sp, 479501) 533 designed by Advanced Cell Diagnostics. Tissues were counterstained with Gill's 534 hematoxylin (Sigma) and visualized by light microscopy. 535
Statistics. All statistical tests were conducted using GraphPad Prism 7 software. 536
Significant differences were detected using two-tailed Student's t test, Mann-Whitney 537 test, or ANOVA with Tukey's post hoc test to correct for multiple comparisons. P values 538 of less than 0.05 were considered to be statistically significant. Descriptions of the 539 specific statistical tests used for each experiment are provided in figure legends. 
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Danica Sutherland of the Dermody lab for critically reviewing the manuscript. We are 554 grateful to members of the Dermody and Morrison laboratories for useful discussions 555 during the conduct of these studies. Tissues were processed for histology and 556 immunohistochemistry for CD3 and CD4 antigen at the histology core at the University 557 of North Carolina at Chapel Hill. Histology slides were imaged by the University of 558 nsP1  nsP2  nsP3  nsP4  C  E2  6K  E1  AAA  E3   E3  E3  miR Target 1  miR Target 2  miR Target 3  miR Target Figure 3 . CHIKV replication in skeletal muscle does not contribute significantly to viral titer in tissue during acute infection. Three-to-four-week-old male C57BL/6J mice were inoculated in the left rear footpad with 10 3 PFU of WT SL15649, SKE MM, or SKE. At 1, 3, and 7 d post-inoculation, mice were euthanized, ankles, gastrocnemius (gastroc.) muscles, and spleens were excised, and serum was collected. Viral titers in day 1 (A) and 3 (B) tissue homogenates and serum were determined by FFU assay. Horizontal bars indicate mean FFU/g (tissue) or FFU/ml (serum) for 5 mice per group. Viral loads in day 3 (C) and 7 (D) tissue homogenates were determined by RT-qPCR. Horizontal bars indicate mean CHIKV genome copies/μg RNA for 5 (7 dpi) or 10 (3 dpi) mice per group. Error bars indicate SEM. Dashed lines indicate the limits of detection. P values were determined by comparing SKE and SKE MM by ANOVA followed by Tukey's post hoc test (*, P < 0.05). Three-to-four-week-old male C57BL/6J mice were inoculated in the left rear footpad with PBS (mock) or 10 3 PFU of WT SL15649, SKE MM, or SKE. Left rear footpad swelling was quantified using digital calipers on the days shown. Results are normalized to initial footpad area and presented as the mean percent of initial footpad area for 10 mice per group. Error bars indicate SEM. P values were determined by comparing SKE and SKE MM by ANOVA followed by Tukey's post hoc test (*, P < 0.05; **, P < 0.01; ****, P < 0.0001). Error bars indicate SEM. P values were determined comparing SKE and SKE MM by two-tailed Student's t test (*, P < 0.05). Three-to-four-week-old male C57BL/6J mice were inoculated in the left rear footpad with PBS (mock) or 10 3 PFU of either SKE MM or SKE. At 3 d post-inoculation, mice were euthanized, and left (A) and right (B) ankles were excised. RNA was extracted and reverse transcribed, and expression of the genes shown was quantified by qPCR. Data are normalized to 18s rRna levels and expressed as the relative expression (n-fold increase) over that in mock-infected tissue. Horizontal bars indicate means of two independent experiments with 4 mice per group in each experiment. Error bars indicate SEM. P values were determined by comparing SKE and SKE MM by two-tailed Student's t test (*, P < 0.05; **, P < 0.01). 
